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AREA AS COMPONENT OF HABITAT FRAGMENTATION: 
CORROBORATING ITS ROLE IN BREEDING BIRD COMMUNITIES 
AND GUILDS OF OAK WOOD FRAGMENTS 
IN CENTRAL ITALY
Emanuela LORENZETTI1 & Corrado BATTISTI2
RÉSUMÉ. — La superﬁcie en tant que composante de la fragmentation de l’habitat : corroboration
de son rôle dans les peuplements et guildes d’oiseaux nicheurs dans les chênaies fragmentées d’Italie
centrale. — Nous voulons vériﬁer l’inﬂuence de la superﬁcie des fragments forestiers et des autres
variables (paramètres d’isolement et de la structure de la végétation) sur la richesse spéciﬁque ainsi que
sur la composition de la communauté avienne nicheuse et des guildes dans un archipel de 20 îlots de
forêts de chênes au sein d’une matrice agricole/urbaine proche de Rome (Italie centrale). Au niveau de
la communauté, les analyses de corrélation simple, multiple et PCA, montrent que la superﬁcie des frag-
ments est le principal « prédicteur » de la richesse spéciﬁque et de l’indice de diversité. Dans la classe
des superﬁcies de 10-100 ha, la richesse spéciﬁque et l’indice de diversité tendent vers des valeurs
cumulatives. Au niveau des guildes, les espèces de l’intérieur des forêts sont absentes dans les frag-
ments dont la superﬁcie est inférieure à 10 ha. En accord avec d’autres auteurs, 10 ha pourrait être la
superﬁcie-seuil contribuant à prédire l’abondance de ces espèces. Les espèces de lisière diminuent et les
espèces d’intérieur augmentent en abondance dans les plus grands fragments (superﬁcie > 50 ha). La
pente des courbes aire/espèces (et la valeur z) est plus élevée sans considérer la composante des espèces
de lisière. Ces espèces, généralistes et/ou qui vivent dans les habitats qui entourent les fragments, peu-
vent masquer l’« effet île » sur la communauté avienne des habitats boisés résiduels.
SUMMARY. — We assessed the inﬂuence of size area and other variables (isolation and vegetation
structure) on the species richness and composition of breeding bird communities and guilds in an archi-
pelago of 20 oak wood fragments embedded in an agricultural/urban matrix near Rome (Central Italy). At
community level, simple and multiple correlation and PCA analysis showed that fragment size was the
main predictor of species richness and diversity index. In the range size 10-100 ha, values of species
richness and diversity index tended to cumulative values. At guild level, interior species were absent in
fragments smaller than 10 ha. In accordance with other authors, 10 ha could be a fragment size threshold
that contributes to predict the abundance of these species. Edge species decreased and interior species
increased their abundance in larger fragments (> 50 ha in size). Slope of area/species curves (and
z value) is higher not considering the edge species component. These species, generalist and/or inhabit-
ing the surrounding habitats, may confound the “island effect” on bird communities of wood habitat rem-
nants.
Presently, anthropogenic habitat fragmentation is one of the main threats to biodiver-
sity. Destruction, reduction, isolation and habitat transformation (main components of such
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process) affect the structure and dynamics of populations, communities, ecosystems, land-
scapes as well as ecological processes (e.g., Soulé & Orians, 2001). The fragmentation
process acts in a complex way altering processes at all ecological levels and at different spa-
tial and temporal scales (Noss, 1992; Saunders et al., 1991; see also Battisti, 2003). At the
community level, the alteration of ecological and spatial variables at fragment scale (size,
isolation, shape, quality, etc.) as well as at whole landscape scale can affect qualitative com-
position and species richness as well as other parameters (Diamond, 1975). Following hab-
itat fragmentation, species with restricted habitat requirements tend to decrease and even-
tually to become extinct, whilst generalist species, linked to the edge environment, increase
(edge species; Bellamy et al., 1996). An increase of species richness in fragments may
occur, for example, due to colonization of generalist species from the matrix and to edge
effect (“community spillover from surrounding habitat”; Saunders et al., 1991). The gradual
decline of the more sensitive species, caused by changes in the extinction/colonization rates
(“relaxation faunas”: Lomolino, 2000) and the proportional increase of edge/generalist spe-
cies, may induce a species turnover in fragments (cascade effect; Pimm, 1986;
Harris & Silva-Lopez, 1992). Consequently it is useful to separate the effects of fragmen-
tation at both community- and guild-level (e.g., on interior- and edge-species; see Wilcove
et al., 1986 and Villard, 1998).
Among vertebrates, the effect of habitat fragmentation has been recorded for amphibians
(e.g., Caughley & Gall, 1985; Laan & Verboom, 1990), reptiles (e.g., Kitchener & How, 1982),
birds (e.g., Galli et al., 1976; Ambuel & Temple, 1983; Opdam et al., 1984; Blake & Karr, 1987;
McCollin, 1993), mammals (e.g., Laurance, 1990; Bright, 1993). In Italy, effects of habitat frag-
mentation on bird communities were studied, e.g., by Celada & Bogliani (1993), Bogliani
(1995), Massa et al. (1998), Papi & Capizzi (1998), Battisti (2001).
Assessment of the independent effects of the individual components of habitat frag-
mentation (habitat destruction, reduction, isolation and quality; Bennett, 1999) on bird
abundance and distribution in remnant fragments of oak woods is an essential tool in con-
servation and landscape planning. The aim of this preliminary study was to investigate the
main factors influencing the breeding bird communities in a agricultural-wooded landscape
of Central Italy with a high degree of habitat fragmentation. The results are discussed in
terms of influence of a preliminary set of spatial and ecological variables (area, isolation,
tree vegetation structure considered as a habitat quality variable), at fragment- and land-
scape-scale, on structural parameters of communities and on some ecological guilds
selected a priori (forest interior and edge species).
MATERIAL AND METHODS
The study area is located in the eastern sector of the province of Rome (between suburban area of Rome and
Appennines, Central Italy; municipalities of Mentana, Fonte Nuova, Monterotondo, S. Angelo Romano, Guidonia,
Palombara Sabina, Marcellina, S. Polo dei Cavalieri, Tivoli; approximately: 42˚ 05’ Lat N — 12˚ 50’ Long E) at an altitude
between 60 m and 240 m a. s. l. and at the limit between the Temperate and the Mediterranean region (Blasi, 1994).
The landscape mosaic of study area is heterogeneous due to natural, geomorphologic and phytoclimatic
patchiness (see Wiens, 1976). Remnant oak fragments are highly fragmented (< 5% of wooded area on 200 km2) and
included in an agricultural (cultivated lands and olive groves) and urbanized matrix (“sprawl” urbanization and towns
surrounding Rome) (see Land cover map, 1:50.000; ISTAT, 1990).
The overall forest area at landscape scale is smaller than 30% on the total of the study area: consequently, effects
linked to fragmentation may act on bird communities and species (see Andrén, 1994).
A protected area system (provincial/regional concern) is locally present: “Marcigliana” “Nomentum”, “Macchia
di Gattaceca and Macchia del Barco” are provincial nature reserves (regional law n. 29/97); “Inviolata” is a regional
nature/archeological park (regional law n. 22/96). “Macchia di Sant’Angelo Romano” is a Special Area of
Conservation (sensu “Habitat” Directive 92/43/CE). Other areas (Collegrosso, “Poggio Cesi”) are indicated as
conservation concern (Provincia di Roma, 1998).
WOOD FRAGMENT STUDIED
Study was carried out on 20 oak wood fragments (range size area: 0.3-302 ha; Fig. 1), some of them included in
the “Nomentum”, “Macchia di Gattaceca e del Barco” and “Inviolata” nature/archeological parks.     
Sample of the fragments is very representative including the main part of woodlots located in the study area (see
Landcover map, 1:50.000; ISTAT 1990).
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In wood fragments, forest vegetation is composed of oak broad-leaved species (Quercus cerris, Q. frainetto,
Q. pubescens). Shrub layer is composed of Carpinus orientalis, Acer campestre, Fraxinus ornus, Sorbus torminalis,
Styrax ofﬁcinalis, Crataegus monogina, C. oxyacantha, Cornus mas, Ligustrum vulgare, Prunus spinosa, Malus
sylvestris, Sorbus domestica, Mespilus germanica.
In this area, the kind of woodland management is the coppice, although uneven aged forest stand fragments (tall
forest with large and mature trees) are present (e.g., Bosco Trentani). The progressive increase of agricultural activities
in the last centuries resulted in a strong reduction of forest area (only 5% on total study area). Urbanization has
progressively transformed the landscape matrix during the last decades.
Gaps (e.g., power lines, sheep-tracks) are present inside some wood fragments that can inﬂuence type and degree
of edge effect (see Janzen, 1986; Laurance & Yensen, 1991).
Size, structural and isolation characteristics (fragment- and landscape-scale variables; see methods) of each wood
fragment studied are shown in Tab. I.  
BIRD COMMUNITY STRUCTURE AND GUILDS
Data were obtained by a modiﬁed line transect method (Merikallio, 1946; Järvinen & Väisännen, 1976). Line
transect method was utilized in analogous studies in fragmented landscapes (e.g., Villard et al., 1995). All individuals
were recorded by direct observation or listening to their songs inside the fragments, 25 m at  left and right from the
observer, assigning the value 1 at each song contact. In each fragment, the line transect length was directly related to the
fragment size (rs = 0.958, p < 0.01) and ranged between 150 and 1 500 m. Each transect started at the edge and was
Figure 1. — Spatial pattern of wood fragments in archipelago studied and localization of the
study sites. Numbers are relative to fragments: 1: Inviolata a; 2: Barco a; 3: Barco g; 4: Barco
b; 5: Monte d’Oro; 6: Monte del Prete; 7: Vitellara; 8: Cavallara piccolo; 9: Le Molette; 10:
Monte Oliveto; 11: Monte S.Biagio; 12: Macchia Mancini; 13: Valle Cavallara; 14: Barco; 15:
Colle Giochetto; 16: Bosco Nardi; 17: Selva Cavalieri; 18: Bosco Trentani; 19: Poggio Cesi; 20:
Gattaceca (see also Tab. I).
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oriented along a longitudinal axis of the fragment (see Villard et al., 1995, for an application in fragmented landscapes).
Each line transect was surveyed two times from March to June 2002 (I period: 12 March to 9 May; II period: 11 May to
15 June) for a total time of about 78 hours of sampling. Maximum values out of two recorded ones were extracted.
Some information would support the adequacy of the line transect method in fragmented landscapes compared to
others. Mapping method (Bibby et al., 2000) is too time consuming for a study at landscape scale and for a large
number of fragments (as highlighted it is often advisable to increase the number of sites sampled rather than to census
a few sites intensively in fragmentation studies; see Haila & Hanski, 1984); point counts (e.g., E.F.P.; Blondel, 1975) do
not permit to acquire a signiﬁcant number of data (i.e., number of points) in small fragments.
Species observed out of the recording period were checked as well in order to provide a qualitative evaluation of the
breeding bird composition. Species observed over the tree canopy (e.g., Merops apiaster, Apus apus, Hirundo rustica)
were not reported. Method utilized did not permit the observation of species with crepuscular and nocturnal activity.
At community level, the following parameters were assessed:
— species richness (S): number of species checked with line transect method;
— species richness excluding edge species (S˚);
— Shannon diversity index (H’; Shannon & Weaver, 1963): H’ = – Σ fr ln fr where fr was the relative frequency of
each species;
— Total abundance kilometric index (AKItot): sum of individual species abundance (expressed as individuals/km)
for each fragment studied.
Species recorded in wood fragments have been clustered a priori in three ecological and spatial categories,
according to their linkage with forest and edge habitat:
— interior and area-sensitive species (from now on named “interior”): linked to more interior sector of the wood
fragment or with high habitat area requirements (Wilcove et al., 1986; Villard et al., 1995; Villard, 1998). In present
study they are: Picus viridis, Picoides major, Garrulus glandarius;
— edge species: linked to edge or open environments (Bellamy et al., 1996). They are: Phasianus colchicus,
Sylvia melanocephala, Corvus corone cornix, Passer italiae, Serinus serinus, Carduelis chloris, Emberiza cirlus,
Miliaria calandra;
— other species as classiﬁed wood species sensu lato.
For each fragment the total abundance of species (in ind./km) subdivided in ecological category was calculated
(AKIint, AKIedge, AKIwood s. l.). Mean abundance of each ecological guild (and standard deviation) was also
calculated for each size class of forest fragments (0-10 ha, N = 7; 11-50 ha, N = 6; > 50 ha, N = 6).
Finally, a presence/absence pattern of interior species considered, in respect to area-isolation (Log10 A;
Log10 dist) diagram of forest fragments, was evaluated.
HABITAT ANALYSES
The tree vegetation structure has been measured using a simpliﬁed version of the Range Findle Circle Method
(James & Shugart, 1970). This is a quantitative method suggested for studying environmental characteristics in
TABLE I 
Size, structural and isolation parameters of the studied wood fragments
Fragment A Sh dist. Ø s.d. d % n˚ sp. N
1-
2-
3-
4-
5-
6-
7-
8-
9-
10-
11-
12-
13-
14-
15-
16-
17-
18-
19-
20-
Inviolata α
Barco α
Barco γ
Barco β
Monte d’Oro
Monte del Prete
Vitellara
Cavallara piccolo
Le Molette
Monte Oliveto
Monte S. Biagio
Macchia Mancini
Valle Cavallara
Barco
Colle Giochetto
Bosco Nardi
Selva Cavalieri
Bosco Trentani
Poggio Cesi
Gattaceca
0.26
1.50
1.69
2.58
2.65
3.18
7.96
13.02
13.27
13.99
29.99
46.71
47.83
50.70
53.59
54.69
58.36
68.84
168.91
302.48
1.39
1.19
1.82
1.74
1.53
1.29
2.47
1.49
1.53
1.15
1.50
1.77
2.00
1.66
1.70
1.94
2.09
1.69
3.23
1.88
1 690
45
500
54
3 500
224
530
33
35
319
117
117
9
118
40
40
9
26
850
350
20.95
14.21
16.16
15.98
21.01
21.42
15.70
15.75
15.03
16.12
18.17
16.19
15.99
14.09
17.87
14.15
17.14
21.12
28.47
14.68
11.51
5.63
8.58
8.54
15.57
10.84
7.28
11.45
9.26
7.55
10.35
9.19
9.78
6.44
8.93
6.19
9.11
10.50
9.29
5.43
50.00
58.00
41.33
49.33
27.25
18.67
44.40
27.17
44.00
26.75
28.67
33.83
25.50
61.17
28.50
36.33
41.83
25.83
10.29
61.14
18.00
17.24
8.07
21.62
11.93
1.79
18.47
4.91
9.55
1.87
21.51
11.82
3.27
18.26
8.19
1.38
9.16
12.90
2.78
14.95
4
4
7
6
6
5
10
6
4
6
7
6
5
8
6
11
9
8
6
8
50
116
124
148
109
56
222
163
220
107
172
203
153
367
171
218
251
155
72
428
A = area (ha) (excluding a coppiced sector surrounding the fragment); Sh = shape; dist. = distance from the nearest
wood fragment with surface area greater or equal to 10 ha; Ø = mean diameter of tree (cm); s.d. = standard deviation
of mean diameter of tree; d = tree density/0.04 ha; % = percentage of dead trees; n˚ sp. = number of tree species;
N: number of measured trees. Numbers are as in Fig. 1.
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fragmented area (Haila & Hanski, 1984) and widely utilized in bird studies (see, e.g., McCollin, 1993;
Lynch & Whigham, 1984).
Along the line transects, at one-hundred meter intervals, the species and diameter (at breast height: 1.40 m) of all
trees with diameter > 7.5 cm was recorded in 0.04-ha wide area. The number of sample areas is directly correlated with
the size of the fragment (minimum 1 — maximum 6; rs = 0.920, p < 0.01) (approximately 90 hours of sampling, from
28 June to 2 November 2002).
The following variables (“within-patch” variables; McCollin, 1993) for each fragment have been measured (see
Table I):
— area (A; fragment size, in ha). Fragments are also clustered in three size area classes (0-10 ha, 11-50 ha, > 50 ha);
— fragment shape index: Sh = 2 (π Area)1/2 / Perimeter (Farina, 2001);
— number of tree species (n. sp.);
— tree density (number of trees with diameter > 7.5 cm/0.04 ha; d);
— mean diameter (in cm) of all trees measured in every fragment (Ø) (and their standard deviation; d.s.);
— percentage of dead trees (%).
Moreover, an isolation parameter has been measured for each fragment (a “between-patch” variable; McCollin, 1993):
— Distance from the nearest wood fragment with surface area greater or equal to 10 ha (dist., in m) (see Bellamy
et al., 1996; Natuhara & Imai, 1999); we select a priori this value because 10 ha could be a fragment size threshold that
contribute to predict the presence/absence and abundance of interior species, according to other authors (e.g., Cieslak,
1985). Map-Info software GIS was used.
Data on size, structural and isolation parameters of the wood fragments are shown in Table I.
DATA ANALYSES
Correlation among dependent and independent variables were calculated (simple nonparametric Spearman test)
followed by stepwise multiple regression (dependent variables: AKItot, S, S˚). This technique estimates the
dependency of a binary variable from a set of independent or predictor variables.
Three stepwise regression analyses were carried out (untransformed, semi-log transformed, log transformed)
assigning 1 at 0 values in log-transformed data.
Only four independent variables have been selected (area, distance from the nearest wood fragment with surface
area greater or equal to 10 ha, mean diameter of the trunks and percentage of dead trees), not correlated among them, to
avoid that multiple regression analysis could be inﬂuenced from bias due to collinearity.
A Principal Component Analysis (PCA) was performed, considering the fragment (cases)/abundance of species
(variables) matrix, with normalized rotation VARIMAX by SPSS 7.5 for Windows (SPSS inc., 1989-1996; standard
version; 1997). Signiﬁcativity was tested with KMO (Kaiser-Meyer-Olkin) and Bartlett sphericity test.
Mann-Whitney U-Test was utilized to test differences among median values of the ecological categories for each
fragment size class.
RESULTS
COMMUNITY LEVEL
These results shown that total abundance ranged from 100 to 280 ind./km; species rich-
ness from 9 to 22; species richness excluding edge species from 6 to 19; Shannon diversity
index (H) from 2.01 to 2.75 (Tab. II).
Fragment size area was significantly correlated to community parameters, to total
abundance of the species and to number of tree species (Spearman test; Table III). Sites
larger than 100 ha show a cumulative trend in species richness (variables untransformed and
log-transformed and equations Fig. 2) and diversity index (variable untransformed; Fig. 3).
Results from stepwise multiple regression for the community parameters show that
fragment size area was the better predictor explaining total abundance of the species
(untransformed and log-transformed variables) but the model describes only about 21% of
the variance (Tab. IV).
Highest values of the variance were relative only for species richness, species and rich-
ness excluding edge species as dependent variables (respectively 82% and 83% with log-
transformed variables).
Ordination with Principal Component Analysis (2 factors) explained 77% of the vari-
ance (Fig. 4). Pattern of wood fragments reflect their relative size area.
GUILD LEVEL
At ecological guild level, subdivision of the fragments in three size classes (0-10 ha; 11-
50 ha; > 50 ha) shows that total abundance of interior species increases from 0-10 ha frag-
ments to > 50 ha ones; an inverse trend was observed in edge species (Fig. 5). Wood species
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show a higher abundance in medium-size fragments. 10 ha was a significant size threshold
in regard to median abundance of interior species (U = – 4, p < 0.05; Mann-Whitney U-test);
50 ha appeared as a significant size threshold for edge and wood species (respectively, U =
5.5, p < 0.05 and U = 5, p < 0.05; Mann-Whitney U-test).
 
TABLE II
Structural parameters of bird communities in the studied wood fragments
Fragment AKItot S S˚ H’
Inviolata α
Barco α
Barco γ
Barco β
Monte d’Oro
Monte del Prete
Vitellara
Cavallara piccolo
Le Molette
Monte Oliveto
Monte S. Biagio
Macchia Mancini
Valle Cavallara
Barco
Colle Giochetto
Bosco Nardi
Selva Cavalieri
Bosco Trentani
Poggio Cesi
Gattaceca
280.00
140.00
150.00
140.00
166.67
195.00
210.00
280.00
197.78
192.50
158.75
173.33
228.75
137.50
110.00
100.00
221.11
127.00
131.11
101.33
9
12
11
14
12
14
17
18
16
15
19
20
19
21
16
16
22
18
21
20
6
9
6
8
8
8
12
14
12
11
15
16
14
16
11
13
17
13
19
17
2.01
2.34
2.18
2.39
2.15
2.40
2.51
2.38
2.50
2.31
2.64
2.73
2.44
2.50
2.50
2.48
2.75
2.55
2.54
2.58
AKItot = total abundance kilometric index (in ind./km); S = Species richness obtained by a line transect method;
S˚ = species richness excluding edge species; H’ = diversity index of Shannon & Weaver (1963).
TABLE III 
Coefﬁcient of correlation (Spearman rank correlation test) among size and structural parameters 
of wood fragments, total abundance (AKItot) and community parameters (S, S°, H’, J)
A Sh dist. Ø d % N˚ sp. AKI tot S S˚ H’
A
Sh 0.534
dist. –0.331 –0.071
Ø 0.017 –0.054 0.24
d –0.226 0.001 0.128 –0.657**
% –0.254 –0.069 0.178 –0.173 0.662**
N˚ sp. 0.527* 0.55* –0.031 –0.204 0.159 0.098
AKI tot –0.47* –0.216 –0.061 0.129 –0.112 –0.032 –0.401
S 0.815** 0.527* –0.334 –0.076 –0.082 –0.005 0.459* –0.109
S˚ 0.824** 0.487* –0.297 –0.130 –0.067 –0.051 0.426 –0.167 0.971**
H’ 0.752** 0.523* –0.333 0.033 0.002 0.149 0.497* –0.242 0.842** 0.807**
J –0.558* –0.233 0.08 0.111 0.298 0.246 –0.328 0.005 –0.561* –0.563** –0.138
**: correlation signiﬁcant at the 0.01 level (2-tailed); *: correlation signiﬁcant at the 0.05 level (2-tailed). For other 
abbreviations, see methods
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Figure 2. — Diagram Area/species Richness (upper: not transformed;
lower: log-transformed).
Figure 3. — Diagram Area (A)/Diversity index (H’).
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TABLE IV
Stepwise multiple regression
Model R2 Adjusted R2 ANOVA
not transf. AKItot = 187.835 – 0.335 Area 0.206 0.162 F1.18 = 4.661 P = 0.045
(13.112) (0.155)
semilog no predictors
log-log Log AKItot = 2.308 – 7.691 × 10–2 Log Area 0.209 0.165 F1.18 = 4.754 P = 0.043
(0.050) (0.035)
not transf. S = 16.050 + 2.572 × 10–2 Area – 1.771 × 10–3 dist. 0.455 0.391 F1.18 = 7.095 P = 0.006
(0.862) (0.009) (0.001)
semilog S = 11.580 + 4.144 Log Area 0.794 0.783 F1.18 = 69.527 P = 0.000
(0.703) (0.497)
log-log Log S = 1.062 + 0.121 Log Area 0.818 0.808 F1.18 = 80.919 P = 0.000
(0.019) (0.013)
not transf. S˚ = 10.639 + 3.419 × 10–2 Area 0.410 0.378 F1.18 = 12.534 P = 0.002
(0.816) (0.010)
semilog S˚ = 7.068 + 4.364 Log Area 0.801 0.790 F1.18 = 72.669 P = 0.000
(0.724) (0.512)
log-log Log S˚ = 0.860 + 0.173 Log Area 0.825 0.815 F1.18 = 84.963 P = 0.000
(0.027) (0.019)
Dependent variables: structural parameters of community (AKItot, S, S˚; for abbreviations, see methods). Independ-
ent variables: area, distance from the nearest wood fragment with surface area greater or equal to 10 ha, mean diame-
ter of the trunks and percentage of dead trees. Untransformed, semilog and log-transformed data, R2 and adjusted R2
values and ANOVA test are shown. Among brackets: standard error of constant and predictor.
TABLE V 
Coefﬁcients of Spearman rank correlation test among total abundance of ecological categories, size, structural 
of wood fragments and community parameters
AKI int. AKI wood AKI edge
A 0.673** – 0.046 – 0.726**
Sh 0.385 – 0.184 – 0.223
dist. – 0.292 – 0.209 0.139
Ø – 0.300 0.182 0.086
d 0.168 – 0.311 0.087
% – 0.174 – 0.232 0.122
N˚ sp. 0.453* – 0.365 – 0.254
S 0.682** 0.233 – 0.454*
S˚ 0.749** 0.191 – 0.520*
H’ 0.588** 0.033 – 0.491*
J – 0.319 – 0.229 0.197
**: correlation signiﬁcant at the 0.01 level (2-tailed); *: correlation signiﬁcant at the 0.05 level (2-tailed). For abbre-
viations, see methods.
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Simple correlation Spearman test among total abundances of guilds and size, isolation,
structural parameters shows that (Tab. V): total abundance of the interior species was directly
correlated to fragment size area (Fig. 6); total abundance of the edge species was inversely
correlated to fragment size area (Fig. 6); isolation and structural parameters were not correlated
to total abundance of each guild; total abundance of interior species was also directly correlated
to number of tree species, species richness, and diversity index; total abundance of edge species
was inversely correlated to species richness, species richness excluding edge species and
diversity index.                    
Stepwise multiple regression showed how the fragment size area was the only predictor of
the abundance of interior and edge species. Fragment area explained respectively 43% (interior)
and 56% (edge) of the variance among variables that fitted better in the model (see Table VI).
Area/isolation pattern diagram of wood fragments studied shows spatially the presence
of a fragment size threshold at 10 ha level for interior species (Fig. 7).            
DISCUSSION
COMMUNITY LEVEL
Bird communities studied were typical of oak wood of central Italy (e.g.,
Calvario & Sarrocco, 1984; Sarrocco & Sorace, 1997; Battisti, 2001).   
Figure 4. — Ordination with Principal Component Analysis of the studied wood fragments
(2 principal components) with the abundance of species as variables. Signiﬁcativity was
tested with KMO (Kaiser-Meyer-Olkin) and Bartlett sphericity tests. Numbers refer to
fragments (see Fig. 1).
KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.726
Bartlett’s Test of Sphericity Approx. Chi-Square 1 020.212
df 190.000
Sig. 0.000
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TABLE VI
Stepwise multiple regression
Model R2 Adjusted R2 ANOVA
non trasf. AKIint = 0.851 + 2.259 × 10–2 Area 0.409 0.376 F1.18 = 12.454 P = 0.002
(0.541) (0.006)
semilog AKIint = – 0.522 + 2.052 Log Area 0.405 0.371 F1.18 = 12.230 P = 0.003
(0.830) (0.587)
log-log Log AKIint = – 5.717 × 10–2 + 0.309 Log Area 0.426 0.394 F1.18 = 13.342 P = 0.002
(0.120) (0.085)
non trasf. AKIedge = 59.592 – 0.269 Area 0.37 0.335 F1.18 = 10.553 P = 0.004
(7.004) (0.083)
semilog AKIedge = 83.000 – 30.401 Log Area 0.564 0.54 F1.18 = 23.283 P = 0.000
(8.908) (6.300)
log-log Log AKIedge = 2.006 – 0.395 Log Area 0.534 0.508 F1.18 =20.650 P = 0.000
(0.123) (0.087)
Dependent variables: AKIint, AKIedge (for abbreviations, see methods). Independent variables: area, distance from
the nearest wood fragment with surface area greater or equal to 10 ha, mean diameter of the trunks and percentage of
dead trees. Untransformed, semilog and log-tansformed data, R2 and adjusted R2 values and ANOVA test are shown.
Among brackets: standard error of constant and predictor.
Figure 5. — Mean total abundance for each ecological category in each size class 
(0-10 ha, 11-50 ha, > 50 ha) of the studied fragments and standard deviation (s.d.).
Black: AKI/interior species; grey: AKI/wood s.l. species; white: AKI/edge species.
0-10 ha 11-50 ha > 50 ha
Mean s.d. Mean s.d. Mean s.d.
AKItot interior 0.00 0.00 1.78 2.08 3.95 2.77
AKItot wood 113.45 34.36 148.94 28.71 110.78 23.17
AKItot edge 69.64 29.11 54.26 20.04 17.84 19.79
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At community level, our results indicate that fragment size area influences species
richness in remnants of habitat. In this study, Preston’s (1962) log-transformed area/species
relationship appears the most satisfactory (best fit) in respect to semilog- and untransformed
models, confirming the assumptions of Margules & Usher (1981). Differences in species
composition and in community structure were due to multiple factors: area, in primis. Since
we have intentionally chosen (in this case, oak broad-leaved woods) a set of uniform series
of wood fragments, in respect to vegetation type and structure, habitat differences (e.g.,
Figure 6. — Area (A)/total abundance diagram of interior (AKIint) (upper graph)
and edge species (AKIedge) (lower graph).
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vegetation structure) play a minor role and species richness is better predicted from frag-
ment size (see, e.g., Opdam et al., 1985; Cieslak, 1985).
In this context and scale, isolation did not appear a variable influencing species rich-
ness. The archipelago of wood fragments considered is at a short distance from the sur-
rounding “mainland” (Central Apennines) and this could not influence the immigration/
extinction rates at community level in breeding landbirds (MacArthur & Wilson, 1967;
Diamond, 1975).
Results pointed out to an influence of fragment size on species richness, total abun-
dance and diversity index. A possible explanation for the role of area on species richness is
that forest interior species cannot persist in smallest woods (see “guilds”) because of their
minimum critical habitat area available or because of competition with edge species or pre-
dation (see Ambuel & Temple, 1983). Moreover, in the smallest woods, populations of indi-
vidual sensitive bird species have the highest extinction rates due to stochastic perturbations
of population numbers (see Opdam et al., 1985 for a review of explanation of species
number in wood fragments).
An area of 10 ha appeared as a threshold size (Fig. 2), confirming the assumptions of
some other authors (e.g., Cieslak, 1985), and 10-100 ha appeared as a range where species
richness (and diversity index) tended to cumulate as highlighted by Moore & Hooper (1975).
Principal Component Analysis showed that fragments were ordered along a fragment
size gradient, supporting the role of this parameter in determining the species richness.
A strong direct correlation between area and species richness in ecological island is
known from bird studies in boreal forests (Schmiegelow et al., 1997), temperate areas
(Moore & Hooper, 1975), and the tropics (see references in McCollin, 1993), analogously
to patterns observed in geographic island (McArthur & Wilson, 1967; see also, e.g., Howe,
1984; Blake & Karr, 1987).
In this study correlation area/species could be explained by higher habitat diversity in
larger fragments and by an increase of disturbance and edge effect in smaller ones (see
Bellamy et al., 1996 for a review of hypothesis area/species). A higher habitat diversity in
Figure 7. — Area (Log10 area) — isolation (distance from the nearest wood fragment with
surface area greater or equal to 10 ha; log-transformed) pattern of interior bird richness.
Presence (black circles) or absence (empty circles) of interior species is indicated.
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larger fragments was confirmed by a positive correlation between fragment size area and
number of tree species (Tab. III), a variable linked to habitat diversity, explaining direct
correlation among number of tree species and, respectively, species richness and diversity
index (see Power, 1972).
Area/species log-transformed equation shows a z-value of 0.12 (see Fig. 2). The review of
z-values in Begon et al. (1986) confirms that this value was inside the range for landbird com-
munities in mainland (0.10-0.16; 0.13 for Mediterranean areas), lower than values obtained for
oceanic islands (0.18-0.37) and for ecological islands (0.17-0.72). Not considering the edge spe-
cies, the z-values (and the slope of line) increase (z = 0.17; Log S˚ = 0.17 Log Area + 0.86;
R2 = 0.83) and move toward the ecological islands range. So, edge species, generalist and/or
inhabiting the surrounding habitat (i.e., the transformed landscape matrix), represent a factor that
may confound the “island effect” on bird communities of wood habitat remnants. At diversity
level, the slope of the curve for H’ is lower than that for richness, as expected (see Odum, 1983).
Isolation of the fragments expressed as distance from the nearest wood > 10 ha did not
seem to influence breeding birds at community level. This confirms the assumption of
Bellamy et al. (1996) who highlighted that isolation may act on presence/abundance of
individual sensitive species with low dispersal capacity (“poor disperser”) more than at
level of community parameters. Moreover, it is possible that other isolation variables, here
not considered, could have acted on these community parameters.
Also mean tree diameter did not appear as a variable influencing the community
parameter, but acted only on specialists like Piciformes, species with low frequency in com-
munity. Nevertheless, communities could be also influenced by the shrub layer and vegeta-
tion coverage (see, e.g., Brotons & Herrando, 2001), variables here not investigated.
In this case study, wood fragments with highest values of dead trees have a higher tree
density and a lower mean tree diameter. Bird sensitivity to these factors is known (e.g.,
MacArthur & MacArthur, 1961). So, vegetation coverage and structure, and dead trees are
factors that may act, influencing species richness, slope of area/species curve and dispersion
of the values around the regression line: e.g., in 7 wood fragments with higher positive dif-
ferences than mean values of the area/species log-transformed curve, the percentage of dead
trees (15.1 +/– 6.5) was significantly higher than in other fragments (8.6 +/– 6.0; t = 2.18;
P < 0.05; N = 13). Nevertheless, the high determination coefficient in area/species curve
and the variance of the multiple regression log-transformed model (both of them, 82%) cor-
roborate the primary role of the fragment area.
GUILD LEVEL
Analysis of the guilds shows an expected opposite trend between interior and edge spe-
cies. Total abundance of interior bird species were directly correlated to fragment area, spe-
cies richness and diversity index.
Isolation and vegetation structure did not appear as variables influencing the abun-
dance of the guilds. Probably interior species, living in large fragments or in landscapes
with a high density of small woods, tend to include more fragments in a single individual
territory (e.g., in Piciformes: patchy-population structure; McCollin, 1993; see also
Thomas et al., 2000): in this way the isolation effect may be masked. Edge species did not
appear isolation-sensitive because of their ecology (generalists, suitability for each patch of
landscape mosaic).
Interior species are more abundant in fragments larger than 50 ha than in smaller ones.
They were absent in fragments smaller than 10 ha. This value could be considered a signif-
icant fragment size threshold for the interior species (see Cieslak, 1985) as shown also by
presence/absence pattern of interior species (Fig. 7).
The increase in the smallest fragments of the ratio of edge to interior habitat decreases
the suitability of small fragments for interior species (Villard, 1998).
In our study area interior species were present in the largest fragments with highest
species richness: they could be considered indicators of this last parameter in wood frag-
ments (strong correlation among variables), as already highlighted in Europe for Piciformes
(Mikusinski et al., 2001).
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Total abundance of edge species was inversely correlated to fragment area and conse-
quently to species richness and diversity index. Wood fragments are included in an
anthropized landscape matrix that may explain the high total abundance of edge species (see
the “community spillover effect” from the surrounding matrix in Saunders et al., 1991).
These species showed the highest abundance in smallest fragments (< 10 ha) and lowest
abundance in largest ones (> 50 ha).
Different from interior species, edge ones were present in each fragment size class.
Indeed, largest fragments comprised interior and edge habitat; smallest ones comprised only
edge habitat. Moreover, edge species are more ecologically generalists than interior ones.
For the guild of wood species sensu lato, the significant decrease of median abundance
values between the 6 fragments of 11-50 ha and the 7 fragments > 50 ha requires however
a supplement of study as it could merely be due to the utilized sample of species.
Total abundance values correspond to a sum of interior, wood and edge species abun-
dances. The opposite trend in abundance observed between interior and edge species in rela-
tion to variation in fragment area confounds the total values and may explain the low vari-
ance (21%) in the multiple regression model for total abundance. Considering the
abundance of each guild independently, regression model explains a higher variance (inte-
rior: 43%; edge: 56%): thus, fragment area best explains species abundance when these are
clustered into “spatial” guilds.
Further research on a larger sample of forest fragments and during a longer time is
required in order to refine the effects of fragmentation at both community- and guild-level
and to reduce and identify possible spatial and temporal stochastic effects in limited con-
texts of study (Haila, 1985). Also, analyses of the area effect on other selected ecological
guilds (e.g., according to their trophic level or to structural features of the vegetation) and
of the effect of other variables (e.g., vegetation structure and coverage, dead trees) are
requested: e.g., assessing their role in explaining the “anomalies” in area/species curves.
Nevertheless, although preliminary, these data that highlight the role of the area on com-
munities and guilds, may contribute to provide indications for landscape planning strategies
(nature reserve plans and selection, ecological networks at local scale; e.g. Battisti, 2003).
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